The microbiological indicators traditionally used to assess fecal contamination are insufficient to identify the source. The aim of this study was to detect microbial markers to identify the source of fecal pollution in the Bogotá River (Colombia). For this, we determined non-discriminating indicators such as Escherichia coli, somatic coliphages and phages infecting strain RYC2056 of Bacteroides, and potential source tracking markers as phages infecting strains GA17, HB13, and CA8 of Bacteroides, sorbitol-fermenting bifidobacteria, and molecular markers of Bifidobacterium adolescentis, Bifiodobacterium dentium, and Bacteroidetes in raw municipal wastewaters, slaughterhouse wastewaters, and the Bogotá River. Bacteriophages infecting Bacteroides strain GA17 and the molecular markers identified the wastewater sources. In contrast, sorbitol-fermenting bifidobacteria failed regarding specificity. In the Bogotá River, phages infecting strain GA17 were detected in all samples downstream of Bogotá, whereas they should be concentrated from 1 l samples in upstream samples containing less than 10 3 E. coli/100 ml to be detected. In the river water, the fraction of positive detections of molecular markers was lower than that of phages infecting strain GA17. The ratio SOMCPH/GA17PH was shown also to be a good marker. These results provide information that will allow focusing measures for sanitation of the Bogotá River.
Among them, the most important ones are those following the fecal-oral route of infection, and within them, we found those causing acute gastroenteritis and diarrhea.
According to the WHO (), infectious diarrhea is one of the main contributors to the global burden of disease with 4 × 10 9 estimated cases, and also being one of the leading causes of death, with a little more than two million deaths yearly. Human fecal contamination is considered more significant than animal fecal pollution in terms of human health risk. However, in some instances, fecal contaminants of animal origin can also have a significant impact on microbial water quality and the risk for human health (WHO ). Moreover, recent studies indicate that the risk for human health associated with the fecal residues of different animals varies according to the species. Thus, risk associated with exposure to water impacted by cattle feces are greater than risks associated with exposure to water contaminated with gull, pig, or chicken feces (Soller et al. ) .
Monitoring pathogens in water samples is unrealistic not only because it is costly and technically complex but also because pathogens are irregularly present in water bodies (Savichtcheva & Okabe ) . For more than microorganisms are frequently present in the lower intestine of homoeothermic animals including humans. Hence, the use of these indicators does not provide information about the host species that are the source of the fecal contamination in a given site. Fecal pollutants can reach water bodies through the direct discharge of fecal waste or untreated wastewater as well as secondary effluents from wastewater treatment works, combined sewer and sanitary overflows, animal farming activities, the wastewaters from abattoirs and the meat industry, and wildlife (US EPA ). The impact of each of these fecal sources to the pathogen load varies greatly among watersheds. Therefore, determining the source of fecal contamination in aquatic environments is essential not only to better estimate the health risks associated with fecal pollution, but also to facilitate measures to remediate contaminated waterways, and to determine legal responsibility for remediation. 
;
Hagedorn & Weisberg ). The use of eukaryotic mitochondrial DNA has also been explored to discern sources in fecal contaminated surface water (Caldwell et al. ) . In addition, a variety of microorganisms has been considered for fecal source tracking purposes. The use of microorganisms for fecal source tracking is known as microbial source tracking (MST). MST is at present the most widespread approach for tracking the sources of fecal pollution.
Pathogenic and commensal microorganisms determined by culture-dependent and molecular methods, associated either with library-dependent or library-independent schemes, have been studied and reviewed as potential tools to identify human fecal sources. Library-dependent schemes are those associated with a database obtained in a given area (Simpson et 
MATERIALS AND METHODS

Samples and sampling
Municipal raw sewage samples, assumed to contain mainly human fecal contamination, were collected at the influents of different municipal wastewater treatment plants 
Bifidobacterium enumeration
Human bifidobacteria sorbitol-fermenting agar (HBSA) In contrast, the culturable markers able to discriminate fecal sources, this is bacteriophages infecting strains GA17, HB13, and CA8, were found in all samples of human origin but in none of the samples of animal origin Regarding the molecular markers ( 
Markers in Bogotá River samples
The values of markers with quantitative results are displayed in When these MST markers were evaluated in samples from a contaminated river with concentrations of E. coli below 10 3 all methods showed low sensitivity and their detection will require concentration. Concentrating phages in a 1 l sample for host-specific phages infecting Bacteroides is sufficient to enable the calculation of the ratio SOMCPH/ GA17PH that seem to be one of the best predictive markers, according to the data reported abroad (Muniesa et al. ) .
Findings reported herein contribute to upgrade the current MST methodology in the region, and very likely by extension in South America, and hence to the implementation of management practices of water resources in a way aimed to decrease the health risks associated with fecal contamination. In addition, data provided herein will help to reduce health risks associated with water by allowing policy-makers to better focus correcting measures aimed at improving the sanitation of the Bogotá River, which is the main source of water for human consumption and irrigation for the most populated region of the country.
